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REVISION i TO THE APOLLO 9 SPACECRAFP OPERATIONAL TRAJECTORY

VOLUME I - MISSION PROFILE

By Harold L. Conway, Robert S. Merriam, and Harold O. Spurlin

i.0 SUMMARY

The first revision of the Apollo 9 spacecraft operational trajectory

is published in two volumes and supersedes all previously published

spacecraft trajectory data. This volume, Volume I, describes the mission

profile and AV maneuvers that include five docked SPS burns, one docked

long-duration DPS burn, an LM-active rendezvous, an APS burn-to-depletion,

and three CSM solo SPS burns. A summary of the spacecraft lighting,

tracking, ground tracks, trajectory input parameters, and sequence of

events is also presented. Volume II presents the trajectory listing of

both the CSM and LM trajectories in parts i and 2, respectively.

Volume III, which normally contains MSFN aspect angle time histories and

AOS and LOS data for the CSM and LM, will not be published.

Revisions in the operational trajectory which are reflected in this

report are as follows:

i. Trajectory data defining the transposition and docking not

available in the operational trajectory is now presented in Volume II.

2. The docked DPS burn has been increased 3 seconds at the 40 per-

cent throttle setting following the 280-second fixed throttle point burn.

The DPS burn is now 367 seconds long and targeted for 371 seconds.

3. The initial conditions for the trajectory generation now reflect

an AS-504 boost to orbit (which results in a slightly different trajectory

initialization). CSM-104 initial weights have been used instead of

CSM-103 weights and consumables usage has also been accounted for

through the entire mission.

4. SPS-7 AV has been increased slightly and retargeted to give

approximately 30 ° apsidal rotation to reduce the SM RCS deorbit &V re-

quirements at the end of the nominal mission.
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5. The Mercury has been relocated to better support the rendezvous
sequence - in particular the phasing burn.

6. Finally, the ullage times have been corrected. All docked SPS
maneuvers requiring ullage are accomplished using four Jets. The
deorbit bttrn is also preceded by a four-Jet ullage. SPS-6 and SPS-7
maneuversuse two Jets to settle the propellant. All DPSburn are
preceded by two-Jet LMullage, and all APSburns use four-Jet ullage.
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2.0 INTRODUCTION

Apollo 9 (i.e., Mission D) is planned as a 10-day, earth orbital,
combinedCSMand LM operations mission which will demonstrate the
capability of the CSMand LMto perform selected functions of the lunar
landing mission. This will be the second mannedSaturn V mission and
the first mission in the flight test program which includes both manned
CSMand LM operations. The mission also features the only EVAof the
test program prior to the lunar landing mission.

2.1 Purpose

The purpose of this documentis to provide the spacecraft operational
trajectory and attitude environmental data for evaluating the CSMand
LMsystems for crew training, mission support, and consumablesanalysis.
The trajectory profile is designed to satisfy the ASPOmission requirements
and test objectives using the knownspacecraft and launch vehicle
constraints, the spacecraft mass, aerodynamic and performance properties,
ground support network and facilities, and the spacecraft guidance
equations and logic. This profile is intended not only to update but
also to expand and improve all prior trajectories for this mission and will
be revised as necessary to reflect changes to the planned mission.

2.2 Scope

This report is published in two volumes. The second volume is the
detailed trajectory listing for both the CSMand LM. In part i of
Volume II, CSMparameters (Internal Note 69-FM-18), the CSMlisting
begins shortly before transposition and docking and continues through
reentry and touchdown. In part 2, 154and CSM/LMseparation parameters
(Internal Note 69-FM-19), the LMlisting begins shortly before trans-
position and docking and ends after the ascent burn to depletion.

Separation parameters between the CSMand LM are presented for the
transposition and docking, and the rendezvous sequence.

Volume III, MSFNtracking data, will not be published for this
report ; however, A0S and LOStracking data normally contained in
Volume III is presented in VolumeI.



2.3 Mission Profile Summary

Apollo 9 (i.e., Mission D) is planned as a 10-day, earth orbital,
combined CSMand LMoperations mission which will demonstrate the
capability of the CSMand LMto perform selected functions of the lunar
landing mission.

The mission duration of Apollo 9 is approximately i0 days, and launch
is scheduled for the first quarter of 1969. The assumedlaunch date for
trajectory generation is February 20, 1969, at 1600 G.m.t. (ii00 e.s.t.)
from complex 39A. This lift-off time represents the first opportunity of
the 3-hour window. The flight azimuth is 72° from true north.

The mission profile is separated into six periods of activities.

The first period extends from lift-off to 19h00m g.e.t, and includes
the following events:

.

2.

3.

4.

5.

Launch

Insertion

T&D and LM ejection

Two S-IVB restarts after LM ejection

SPS-I (36.8 fps - docked)

The second period beings at 19h00 m g.e.t, and ends at 40ho0 m g.e.t.

and contains the following events:

l.

2.

SPS-2 (849.4 fps - docked)

SPS-3 (2548.2 fps - docked)

3. SPS-4 (299.8 fps - docked)

The third period is initiated at 40ho0 m g.e.t, and ends at

66h30 m g.e.t, and includes the following events:

i. LM systems evaluation

2. DPS-I (1714.1 fps - docked)

3. SPS-5 (550.6 fps - docked)



The fourth period extends from --66h30m g.e.t, to 87h00 m g.e.t.

and includes the following events:

i. EVA preparation

2. EVA

The fifth period extends from 89h00 m to l14ho0 m g.e.t, and includes

the following events :

i. LM-active rendezvous

2. Unmanned APS long-duration burn - propellant depletion

The sixth and final period begins at l14h00 m and terminates at

238h46.5 m and contains the following events:

i. SPS-6 (66.1 fps - CSM solo)

2. SPS-7 (173.6 fps - CSM solo)

3. SPS-8 (252.9 fps - deorbit)



3.0 ABBREVIATIONS

ACN

AGS

ANG

AOS

APS

ARIA

ASP0

BDA

CAL

CDH

CES

CM

CRO

CSI

CSM

DAP

DPS

DPS-I

EMS

EMU

e.s .t.

ETR

Ascension tracking station

abort guidance system

Antigua tracking station

acquisition of signal

ascent propulsion system

Apollo range instrumented aircraft

Apollo Spacecraft Program Office

Bermudatracking station

California tracking station

constant differential height

control electronics system

commandmodule

Carnarvon tracking station

concentric sequence initiation

commandand service modules

digital autopilot

descent propulsion system

first DPSburn

entry monitoring system

extravehicular mobility unit

eastern standard time

Eastern Test Range



EVA

EVT

_TP

GBM

GDS

g.e.t.

G.m.t.

G&N

GNCS

GYM

HAW

HSK

IMU

IU

IVT

LET

Ltt 2

IN

LOS

L0X

LV

MER

NIL

NSFN

extravehicular activity

extravehicular transfer

fixed throttle point

Grand Bahama tracking station

Goldstone tracking station

ground elapsed time

Greenwich mean time

guidance and navigation

guidance, navigation, and control subsystem

Guaymas tracking station

Hawaii tracking station

Honeysuckle Creek tracking station

inertial measurement unit

instrumentation unit

int ravehicular transfer

launch escape tower

liquid hydrogen

lunar module

loss of signal

liquid oxygen

launch vehicle

Mercury tracking ship

Merritt Island tracking station

Manned Space Flight Network
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PGNCS

PLSS

PRE

RCS

RED

SLA

SM

SPS

SPS-I, SPS-2, ...,

sPs-8

S-IC

S-II

S-IVB

TAN

T&D

TEX

TLI

TPI

TPF

VAN

primary guidance and navigation control

subsystem

portable life support system

Pretoria tracking station

reaction control subsystem

Redstone tracking ship

spacecraft LM adapter

service module

service propulsion system

first through eighth SPS burns

Saturn IC, LV first stage

Saturn II, LV second stage

Saturn IVB, LV third stage

Tananarive tracking station

transposition and docking

Corpus Christi tracking station

translunar injection

terminal phase initialization

terminal phase finalization

Vanguard tracking ship



4.0 DATASOURCESFORGENERATIONOFTHE
OPERATIONALTRAJECTORY

The initial conditions for the trajectory generation now reflect an
AS-504 boost to orbit which results in a slightly different trajectory
than for the operational trajectory. CSM-104weights are now used in-
stead of CSM-103weights, which were used in the operational trajectory.
Consumablesusage is considered for the entire mission and so reflected in
the weights. Input data used to calculate the Apollo 9 trajectory were
taken from the following sources:

Mission objectives ............ reference i

Mission constraints ........... references 2, 3, 4, 5

State vector at LMejection ....... reference 6

Spacecraft aerodynamics, initial weights,
weight history, engine performance,
earth and atmosphereconstants, tracking
ship locations, and braking dates

table l(a) through
l(g), respectively

Spacecraft guidance equations and
logic .................

MSFNstation locations and tracking
equipment ...............

U.S. 1962 Standard Atmosphere ......

Fischer Earth Model of 1960 .......

references 7, 8, 9

reference i0

reference ii

reference 12
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5.0 OPERATIONALTRAJECTORYDESCRIPTION

This section of the report describes the major mission events
occurring during each of the six periods of activity into which the
mission has been divided. Table II lists the detailed test objectives
which require specific trajectory and/or vehicle attitude planning. The
discussion of each period of activity indicates which of the objectives
are accomplished in that period.

A summaryof events, lighting, and tracking relative to mission
elapsed time is included in figure 1. The earth ground tracks for the
CSMare given in figure 2. The launch vehicle sequenceof events is
given in table III, and the S-IVB attitude timeline for the nominal
mission and for the case where no second S-IVB burn occurs is given in
table IV. A spacecraft sequenceof events may be found in table V. AOS
and LOSdata based on both 0° and 5° elevation angles for the network
support stations are presented in table VI(a) for the CSMand in
table VI(b) for the LM. Sunrise and sunset times and moonrise and moon
set times relative to the CSMare presented in table VII(a) and those
for the LMare included in table VII(b).

5.1 First Period of Activities

5.1.1 Post-insertion activities.- Following insertion into a

lO3-n, mi. near-circular parking orbit, the S-IVB maintains the cutoff

attitude for 20 seconds before maneuvering the complete configuration to

a local horizontal attitude. The S-IVB then imparts an orbital rate to

the CSM/LM/S-IVB combination. The flight crew then conducts a series

of systems checks and configures the CSM for orbital operations. A

pre-TLI demonstration is conducted within the first orbit, and the CSM

platform is then realigned to the launch orientation in the first period
of darkness.

5.1.2 Transposition and dockinG.- At approximately 2h34 m g.e.t.

the S-IVB assumes a T&D attitude with the CSM pitched l0 ° below the

local horizontal and yawed 15 ° S from the orbital plane. This T&D

attitude corresponds to an inertial altitude defined by the S-IVB IU

gimbal angles as follows:

Inner, deg ................. 4.36

Middle, deg ................ 14.78

Outer, deg ................. 1.43



ii

Adequate T&Dlighting will be prodded by the previously defined
angles for a 3-hour launch windowfrom February 20, 1969, to May 20,
1969. Additional information concerning the T&Dattitude can be found
in reference 13. Trajectory data defining the T&Dnot available in
the operational trajectory can be found in Volume II of this revision.

At sunrise, approximately 2h43m g.e.t., the CSMseparates from the
S-IVB/LMwith a l-fps AV. The SLApanels are jettisoned at the time of
CSMseparation. Coasting about i minute to a range of 50 ft, the CSM
reduces the separation velocity to 0.5 fps, pitches 180° for the crew
to look at the S-IVB/LM, and nulls the separation velocity. The CSM
then closes on the S-IVB/LM.

After reaching the docking interface the CSMmaintains its position
relative to the S-IVB/LM for a period of approximately 15 minutes.
Having rolled -60° , the CSMthen soft docks with the LMat approximately
3h07m g.e.t. The LMis repressurized, and hard docking is completed
before entry into darkness.

5.1.3 LM ejection and separation.- The CSM remains docked through

the third period of darkness, and at approximately 4h09 m g.e.t, the LM

is ejected from the S-IVB. The CSM/LM coasts about 2.5 minutes before

a 3-second SM RCS burn provides permanent separation between the CSM/LM
and S-IVB before the first S-IVB restart.

5.1.4 S-IVB restarts.- The S-IVB returns to a local horizontal

attitude at approximately 4h25 m g.e.t, and preparations begin for the

first of two S-IVB restarts. The first occurs at approximately

4h44m42 s g.e.t. (90 percent thrust). The second restart occurs at ap-

proximately 6h06 m g.e.t. (90 percent thrust), and the scheduled LOX and

LH 2 propellant dumps are completed by 6h27 m g.e.t. Reference 6 contains

detailed information on the S-IVB activities for this mission.

5.1.5 SPS-_____!.-Meanwhile, the CSM IMU is realigned to the preferred

alignment, and at 6h01m40 s g.e.t, as the CSM/LM passes over Hawaii the

first docked SPS burn occurs. The 5-second, 36.8-fps burn is GNCS-

controlled and uses external-AV targets. Resulting apogee and perigee

altitudes are 128 n. mi. and 113 n. mi., respectively. No ullage is

required. A partial demonstration of the capability of the GNCS to

control the spacecraft in a docked configuration during a _V maneuver

is accomplished during the burn (CSM autopilot stability margin).
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5.1.6 Objectives satisfied.- Those objectives which required

specific trajectory or attitude planning which were satisfied during

the first period were the CSM-active docking (M20.24), and LM ejection

from the SLA (P20.25). The CSM autopilot stability margin (P1.23) was

partially satisfied during this period.

5.2 Second Period of Activities

5.2.1 SPS-2.- At 22h12m00 s g.e.t., as the CSM/LM passes over the

BDA tracking station, the first of this period's three long-duration,

docked SPS burns takes place. The GNCS-controlled, external-AV burn is

targeted primarily to shift the node eastward but also has a small in-

plane AV component to raise apogee to 192 n. mi. The nodal shift result-

ing from SPS-2 (and for SPS-3, SPS-4, and DPS-I) is necessary to open

the launch window to approximately 3 hours. (For various late lift-offs

within the launch window, some of the maneuvers will be reoriented to

shift the line of nodes westward.) The apogee adjustment of this burn

also permits large crew monitoring limits and prevents trajectory problems

due to low perigee if large attitude dispersions occur during the burn.

Additional trajectory objectives of this burn are to provide continuous

SM RCS deorbit capability and to reduce the SM RCS propellant require-

ments for LM rescue during the rendezvous period by reducing the CSM

mass. Approximately 7320 ib of SPS propellant are consumed during the

lll.l-second, 849.6-fps burn. If rigid body transients were not observed

on SPS-I, the SPS pitch gimbal will be intentionally misaligned 0.5 ° •

The burn partially demonstrates the CSM DAP attitude control capability,

and the 40 percent amplitude stroking test is performed. No ullage is

required.

5.2.2 SPS-3.- Approximately two revolutions after SPS-2, the CSM/LM

passes over the MIL tracking station at 25h18m30 s g.e.t., and a 279.4 second,

2548.2-fps, GNCS-controlled, external-AV burn nominally shifts the line

of nodes approximately i0 ° E. Although targeted primarily out of plane

to give a large nodal shift, a small in-plane AV component raises apogee

from 192 n. mi. to 270 n. mi. and allows for possible large attitude

excursions and large crew monitoring limits.

Approximately 18 575 ib of SPS propellant is consumed during the

burn, further increasing the SM RCS capability for use in LM rescue or

backup SM RCS deorbit. Not less than l0 seconds after ignition and no

later than 30 seconds before termination, a full amplitude stroking test

is employed. This test completes the CSM DAP stability margin objective.

5.2.3 SPS-4.- The final burn of the second period of activities

takes place at 28h20m00 s g.e.t, over Texas. This burn is also GNCS-

controlled and nominally targeted to shift the line of nodes i ° E. The
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28.0-second, GNCS-controlled, external-AV burn provides 299.8 fps out
of plane. Apogeeand perigee altitudes (271 n. mi. and ll5 n. mi.,
respectively) remain unchanged. If, however, launch is delayed more
than 15 minutes, the burn will be retargeted with an in-plane component
to adjust apogee (a phasing prior to rendezvous initiation) to return
the trajectory to nominal lighting and tracking during the rendezvous.
An 18-second, four-jet ullage is required. (All docked SPSmaneuvers
requiring ullage are accomplished using four jets.)

5.2.4 Objectives satisfied.- The CSMautopilot stability margin
objective (PI.23) was completed during this period.

5.3 Third Period of Activities

5.3.1 LM power-up and systems check.- The third period, beginning

at approximately 40h00 m g.e.t., is devoted primarily to LM systems

checkout and evaluation. At approximately 42h15 m g.e.t, the two LM

crew members transfer intravehicularly to the LM. The IVT will demon-

strate the crew's ability to transfer to the LM by this method, and it

will verify procedures and premission planning times associated with

the transfer. After transfer, the LM crew will power-up the LM and

conduct a systems check and evaluation. This activity terminates at the

beginning of the docked DPS burn.

5.3.2 Docked DPS burn.- The DPS ignites at 49h42m00 s g.e.t, and

burns for 367.0 seconds (280 seconds at FTP), and is under PGNCS attitude

control. The burn time is sufficient to verify LM PGNCS DAP attitude

control capability during a docked thrusting maneuver. The flight crew

will also demonstrate manual throttling and termination of the descent

engine.

After the DPS has burned for 280 seconds at FTP, the flight crew

will manually throttle the DPS during the remainder of the burn and will

manually terminate the burn. Crew takeover corresponds to a point at

which 124-fps AV remain to be gained. Although the burn is targeted to

371 seconds, the burn is terminated 4 seconds early to insure a manual

cutoff.

The LM DPS thrust profile, as shown in figure 3, results in

±I±4.± IpS being used to -_'_ +_^ _ _+ _a_= _+ _ __0 ° fn_ s.

nominal launch time. For late lift-offs the burn will be targeted to

always give an apogee of 270 n. mi. and a perigee of 115 n. mi. A

10-second, LM RCS two-Jet ullage is planned. (All ullages for DPS AV

maneuvers are planned as two-jet ullages. )
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After the docked DPS burn, which is covered by MIL and BDA, the LM

systems are powered down, and the LM crew returns to the CSM through

the tunnel. The docked DPS burn in this report has been increased from

that in the operational trajectory by 3 seconds at the 40 percent throttle

point following the 280 FTP burn.

5.3.3 SPS-5.- At 54h25ml6 s g.e.t., the SPS burns for 41.4 seconds

over the ETR. The resulting 550.6 fps from the PGNCS-controlled burn

circularizes the orbit at a 133-n. mi. altitude. The resulting circular

orbit is the base orbit from which the LM-actlve rendezvous will be

initiated in the fifth period. An 18-second, four-Jet ullage is required.

For late lift-offs SPS-5 will continue to be a circularization maneuver

and will always be targeted for at least 40 seconds.

5.3.4 Objectives satisfied.- Objectives requiring specific atti-

tude or trajectory planning which were satisfied during this period

were the DPS burn duration effects (M13.12), and LM PGNCS DAP performance

and thrust performance (Mll.6).

5.4 Fourth Period of Activities

5.4.1 EVA preparation.- At approximately 69h25 TM g.e.t., two crew-

men will move through the docking tunnel to the LM and power up and check

LM systems. One LM crew member will don the EMU and, after a thorough

checkout, will egress the LM at approximately 71h40m00 s g.e.t.

5.4.2 EVA.- The EVA crewman will move from the LM to the CM side

hatch using the surface translation aids. The EVA crewman will then

ingress the CSM. After a brief rest the EVA crewman will egress the

CSM and move back to the LM. Some of the EVA activities are to

(1) evaluate the CM hatch, (2) retrieve and stow collected samples,

(3) evaluate EVA light, and (4) perform EVA photography.

5.4.3 Post-EVA.- Entering the LM through the forward hatch, the

EVA crewman will doff the EVA equipment after repressurization of the

LM. The PLSS is then recharged, and the LM systems are shut down before

the LM crew does an IVT through the docking tunnel.

5.4.4 Objectives satisfied.- The extravehicular activity objective,

M20.35, was completed during this period (table II).

5.5 Fifth Period of Activities

5.5.1 Rendezvous profile.- The rendezvous profile begins with a

5-fps AV radially down, small "football" separation by the SM RCS
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(called a "football" because of the appearance of the LM's motion

relative to the CSM; see fig. 4). The small football resulting from the

5-fps SM RCS burn is included to prevent the LM or CSM from wasting at-

titude propellant while stationkeeping during platform alignments. In

addition, the maximum separation of 2.8 n. mi. is sufficient to prevent

recontact of the CSM and LM during the large football phase. One-half

orbit after the small football the LM burns radially up into a larger

football from which it then maneuvers into a concentric orbit above

and behind the CSM. After a period of coelliptic coast, the LM proceeds

through one CSI-CDH sequence which sets up the conditions for the nominal

LM-active TPI from below and behind.

Since this is the first manned LM separation from the CSM that is

of any significant distance, the larger football resulting from the

radial burn is included mainly as a safety measure. The football will

permit a less difficult LM return to the CSM if the situation dictates.

The large LM radial burn, termed the phasing burn, is the only AGS-
controlled maneuver on the nominal mission. For all other LM burns the

PGNCS will be primary, and the AGS will be in a monitor mode.

During the rendezvous the CSM will orient for and prepare to execute

any maneuver that the LM is unable to perform.

5.5.2 SM RCS initiated football phase.- The fifth period of

activities begins with the intravehicular transfer of the two LM crew

members at approximately 89h00 m g.e.t. After LM power-up and systems

checkout, both the LM and CSM IMU's are aligned. The LM alignment is

that of a "nominal" alignment for the TPI, and the time on which the

alignment is based corresponds to the time of ignition at TPI. The

+X CSM stable member is colinear with the +Z LM stable member, the +Y

CSM is colinear with the +Y LM stable member, and the +Z CSM stable

member is colinear with the -X LM stable member. Following IMU align-

ments, the CSM and LM undock approximately 25 minutes before the SM RCS

separation burn and stationkeep until approximately 93h05m45 s g.e.t.

The SM RCS then provides a 5-fps radially-down burn to place the CSM

into an equiperiod orbit (small football). The maneuver is performed

with the -Z body RCS thrusters.

Because of nonnominal burn executions and differential atmospheric

drag, the 5-fps AV is large enough to prevent recontact of the CSM and

yet small enough to permit a simplified abort of the nominal rendezvous.

After an IMU fine-alignment rendezvous radar checkout, the LM maneuvers

for the AGS-controlled DPS phasing maneuver.
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5.5.3 LMDPS phasing maneuver.- At 93h50m04 s g.e.t, after a 7-second,

two-Jet RCS ullage, the DPS, at l0 percent thrust for 15 seconds and

40 percent thrust for 9.9 seconds, provides 85-fps AV radially up. With

this phasing burn over MER, the LM is placed into an equiperiod trajectory

with apogee and perigee approximately ll.2 n. mi. above and below that

of the CSM and with the maximum LM-to-CSM range (at the horizontal cross-

ing) approximately 47.9 n. mi.

The resulting football is planned so that favorable lighting and

MSFN coverage as well as acceptable AV's exist if a 130 ° terminal phase

transfer near perigee is required. Such a transfer (TPI 0) would be

applicable if the nominal rendezvous profile were aborted prior to the

coelliptic maneuver called the insertion burn. Once the decision is

made to continue the rendezvous, the LM coasts approximately lll.7 minutes

after the phasing burn through the TPI 0 position (near perigee of the

football) to a position near apogee.

5.5.4 LMDPS insertion maneuver.- At approximately 95h41m48 s g.e.t.

following a 7-second, two-Jet RCS ullage, the DPS ignites over GYM and

burns for 24.4 seconds at l0 percent thrust to provide 39.9-fps AV.

The PGNCS-controlled, external-AV burn establishes a near-circular orbit

approximately ll.2 n. mi. above that of the CSM. Following the burn the

LM coasts for approximately 40.2 minutes before staging for the CSI

maneuver.

5.5.5 LMRCS-interconnect CSI maneuver.- At approximately

96h22m00 s g.e.t, the CSI (a horizontal, retrograde burn over TAN) is

scheduled. Staging occurs at the beginning of the 29.6-second, four-Jet

interconnect, PGNCS-controlled burn. The 37.8-fps AV from the maneuver

creates a perigee approximately 10.1 n. mi. below that of the CSM.

5.5.6 LMAPS CDH maneuver.- After a 44.4-minute coast the LM

reaches perigee. Following a h-second, four-Jet LM RCS ullage, the APS

burns for 2.9 seconds and provides 37.9-fPs AV, nearly horizontal and

regrograde. The PGNCS-controlled burn over RED establishes a near-

circular orbit approximately 10.1 n. mi. below the CSM. At burn termina-

tion the LM trails the CSM by 75.8 n. mi. (All APS ullages are planned

as four-Jet ullages.) The CDH occurs at 97h06m23 s.

5.5.7 LMRCS TPI maneuver.- The LM coasts approximately 54 minutes

after CDH before reaching the TPI point. Initiated near TAN on an

elevation angle of 27.5 ° at approximately 8 minutes into darkness, the

TPI burn of 17.0 seconds (four-Jet RCS interconnect) and 21.9-fps AV

is applied primarily along the line of sight. The 130 ° terminal phase

requires about 45 minutes (including braking).



17

The braking schedule assumed for the trajectory generation is
presented in table I(f).

Stationkeeping begins at approximately 98h37 m g.e.t, over HAW and

docking is assumed to occur at 98h53 m.

5.5.8 APS long-duration burn.- After docking the crew configures

the ascent stage for the long APS burn and then returns to the CSM. The

CSM Jettisons the ascent stage at approximately 99h46 m and applies

3.0 fps at 99h56 m out of plane to provide a safe separation at APS

ignition. At approximately 100h26m00 s g.e.t., the APS thrusts for an

estimated 360.0 seconds to propellant depletion. The LM IMU remains

unchanged from the alignment for the rendezvous and consequently the

thrust is targeted to a maximum of 45 ° out of plane to prevent gimbal

lock. The resulting 5658.5 fps from the PGNCS-controlled, external-AV

burn over GYM, TEX, and MIL raises apogee to a 4177.2-n. mi. altitude.

The burn is preceded by a four-Jet, 3-second ullage, and the interconnect

remains open through the burn to provide attitude control.

5.5.9 Objectives satisfied.- Those objectives requiring specific

trajectory planning which were satisfied during this period include CSM

single-crewman rendezvous capability (P20.33), AGS AV capability using

DPS (P12.4), LM Jettison (P20.29), LM-CSM undocking (P20.26), PGNCS-

controlled APS burn (Pll.14), AGS CES attitude translation control

(P12.3), rendezvous radar tracking performance (P16.4), LM elevation

rendezvous (P20.27), LM-active docking (M20.28), and a long-duration

APS burn (M13.11).

5.6 Sixth Period of Activities

If the SPS becomes unable to deorbit the CM, the SM RCS will be

required to effect the deorbit. The AV available from the SM RCS is

adequate for this purpose through the first five periods of activity.

To reduce the RCS AV requirements for deorbit in the sixth period

of activities, or, equivalently, to reduce the SM RCS propellant reserved

for the backup deorbit, a perigee adjustment is scheduled the day

following rendezvous.

5.6.1 SPS-6.- At approximately 122h01m00s g.e.t, the SPS thrusts

over CRO for 2.5 seconds under control of the GNCS using external-AV

targets. Preceded by an 18-second, two-jet ullage the burn yields

66.1 fps and lowers perigee to 95 n. mi.
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5.6.2 SPS-7.- Two days following the SPS-6 perigee adjustment the

final trajectory adjustment occurs before deorbit. The burn, SPS-7,

occurs at 169h49 m and is designed to raise apogee to 210 n. mi. and to

position apogee favorably in the southern hemisphere. This positioning

is desirable because (1) it allows more free-fall time to 400 000 ft

(assumed entry interface) after the nominal SPS deorbit, and (2) it

slightly reduces the RCS AV requirements for backup SM RCS deorbit into

the nominal recovery area. The positioning of apogee is accomplished by

a 30 ° apsidal rotation (approximately) and a slight increase in the

SPS-7 burn from the operational trajectory is required to rotate the

orbit properly.

The maneuver, scheduled over MIL, requires 6.8 seconds of burn and

173.6 fps of AV. An 18-second, two-Jet ullage is necessary prior to SPS

ignition. The burn is GNCS-controlled and uses external-AV targets.

5.6.3 SPS-8.- The deorbit maneuver, SPS-8, is scheduled at

238hllm47 s g.e.t., which is slightly less than three days after SPS-7.

The retrofire occurs approximately ll00 n. mi. southeast of Hawaii and

is covered by RED. The deorbit burn of 9.6 seconds and 252.9 fps is

a GNCS-controlled, external-AV-targeted maneuver which requires a

13-second, four-Jet ullage. (Note that SPS-6 and SPS-7 are preceded by

two-Jet ullage while the SPS-8 is four-Jet.)

5.6.4 Pre-entry sequence.- At 238hllm56.6 s g.e.t, the SPS engines

will be cut off, and an 18.5-minute coast to atmospheric entry will be

started. Approximately 90 seconds following the deorbit burn, the SM

will be Jettisoned. The crew will manually yaw the CSM h5 ° out of plane

to the north before separation, a short time is allowed for an adequate

separation distance, and the spacecraft is maneuvered to the reentry

trim attitude.

5.6.4.1 Reentry: Reentry at 400 000-ft altitude will occur at

32.6 ° N geodetic latitude and 94.8 ° W longitude approximately 18.5 minutes

after SPS retrofire. The deorbit point and subsequent ground track and

pertinent geocentric locations of various deorbit and reentry events

are shown in figure 5. Landing of the CM following an open loop reentry

occurs at approximately 238h46m30s g.e.t, at 59.9 ° W longitude and!

31.1 ° N geodetic latitude. The approximate maneuver envelope is given

in figure 6. A closed-loop reentry simulation and reentry targeting

for this mission can be found in references 23 and 24.

Deorbit and reentry state vectors for the SPS deorbit are given in

table VIII. Table I(a) contains the reentry trim aerodynamic coefficients

for Mach numbers 0.2 through 29.5.
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5.6.5 SM RCS backup deorbit.- This section describes events which

would be applicable if SPS-_ does not occur. Shortly before SPS-8, it

is assumed that some systems failure is discovered which would prevent

the SPS from being used to deorbit the CM. The CSM would then coast

approximately 3/4 revolution to a position over Carnarvon. At approxi-

mately 239h26m45 s g.e.t, the SM RCS (four-jet PGNCS) would burn for

204.3 seconds providing lO0.9-fps AV.

5.6.6 SM RCS pre-entr[ sequence.- At 239h30m9.ys g.e.t, the

SM/RCS engines will be cut off and a 33.3-minute coast to atmospheric

entry will be started. The crew will manually yaw the CSM 45 ° out-of-

plane to the north before separation to ensure against possible CM/SM

recontact. After CM/SM separation a short time is allowed for an

adequate separation distance, and the CM is maneuvered to the reentry
trim attitude.

5.6.6.1 Reentry: Reentry at 400 000-ft altitude will occur at

32.9 ° N geodetic latitude and 102.6 ° W longitude approximately 33.3 min-

utes after the SM RCS deorbit burn. The deorbit point and subsequent

ground track and pertinent geographic locations of various deorbit and

reentry events are shown in figure 7. The approximate maneuver envelope

following the RCS deorbit is given in figure 8. Landing of the CM

following an open-loop reentry occurs at approximately 240h21m20 s g.e.t.

at 60 ° W longitude and 22.2 ° N geodetic latitude. A closed-loop reentry

simulation and a discussion of reentry targeting following an SM RCS

deorbit can be found in references 23 and 24.

The reentry interface velocity and flight-path angle for the end-

of-mission SM RCS deorbit is presented in table IX.
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(a)

Mach number

M

0.2

0.4

0.7

0.9

i.i

1.2

1.35

i .65

2.0

2.4

3.0

4.0

i0.0

29.5

TABLE I.- TRAJECTORY SIMULATION PARAMETERS

a
Command module trim aerodynamics for end of mission entry configuration

[Nominal center of gravity location:

X = 1041.1 in. Y = -0.i in., Z = 6.3 in.]
c_ cg c6

Lift coefficient

CL

0.2462

0.2558

0.2739

0.3352

0.5149

0.4989

O.5850

0.5668

0.5448

0.5203

0.4914

0.4549

0.4415

0.4030

Drag coefficient

CD

0.8224

Lift-to-drag

ratio

L/D

0.2994

Trim angle

of attack,

deg

aT

170.47

0.8510

0.9788

1.0563

1.1520

1.1409

1.2618

1.2475

1.2405

1.2087

1.1832

1.1899

1.1992

1.2668

0.3OO6

0.2799

0.3173

0.4470

0.4373

0.4637

0.4543

0.4391

0.4305

0.4153

0.3823

0.3682

0.3181

166.63

163.45

160.66

153.44

153.86

152.73

151.83

151.58

151.98

152.63

154.82

155.57

158.91

aReferences 14 and 15.
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TABLE I.- TRAJECTORY SIMULATION PARAMETERS

(c) Spacecraft weights for critical mission events a

I CSM/LM/S-IVB AT CSM SEP I290 738 LB

F l

1
S-IVB/LM DURING T AND D

231 776 LB I

I S-IVB DROPPED I=

a Reference 17

,1
I CSM AT SEP FOR T AND D58 962 LB

CSM/LM/S-IVB AFTER CSM DOCKING
90 872 LB

LESS
LESS

- - - LESS

CSM/LM AT 1ST SPS BURNI
90 851LB I

- - - LESS

- - - LESS

- - - LESS

- --- LESS
PROP

CSM/LM AT 2ND SPS BURN90 454 LB

(

SMRCS SEPAV2.4 LB

EECOM 2 LB

START LOSS SPS 1

SPS 1AV PROP

START LOSS SPS 2

EECOM

SMRCS ATTITUDE

.... LESS SPS 2AV PROP

- - - LESS SPS 3 START LOSS

-- - -- LESS EECOM

- - - LESS RCS ATTITUDE PROP

)

14.4 LB

331.5 LB

14.4 LB

5.0 LB

46.0 LB

7320 LB

14.4 LB

1.0 LB

20.0 LB



23

TABLE I.- TRAJECTORY SIMULATION PARAMETERS - Continued

(c) Spacecraft weights for critical mission eventsa - Continued

CSM/LM AT 3RD SPS BURN83099 LB

--- LESS SPS 3 AV PROP

.... LESS START LOSS FOR SPS 4

.... LESS EECOM

---LESS SM RCS AV (ULLAGE)

-- -LESS SM RCS ATTITUDE PROP

I C SM/LM64AT4624THLBSPSBURN I

_!-LESS SPS 4 AV PROP .
-LESS LM RCS ATTITUDE
-LESS LM RCS AV-(-ULLAGE)

ICSM/LMATDOCKEDDPSBURNI62580LB

- --LESS DOCKED DPS AV PROP

---LESS EECOM(LM)

18 575 LB

14.4 LB

1.0 LB

26.0 LB

21.0 LB

1868 LB
7.0LB

7.0 LB

10 117 LB

40.0 LB

-- -LESS LM RCS ATTITUDE PROP

---LESS SPS 5 START LOSS

29.0 LB

14.4 LB

I CSM/LM

I
ILM AT CSM/LM SEP
{2CREW) 22302 LB I

__-,EsssM,cs vP.op,o, AoE,
1 52353 LB

F---LESS SPS 5 Z_V

AT CSM AND LM SEP I
49591 LB I

---LESS SM RCS

(1 CREW) 27282 LB

I LESS SM RCSAV
J---PROP FOR
T MINIFOOTBALL

I CSM DURING RENDEZVOUS I
I 27 267 LB J

26.0 LB

2752 LB

5.0 LB

15 LB
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TABLE I .- TRAJECTORY SIMULATION PARAMETERS - Continued

(c) Spacecraft weights for critical mission eventsa - Continued

(_ -LESS EECOM 132 LB-LESS LM RCS 44 LB

-LESS LM RCS AV (ULLAGE) 6LB

ILM AT PHASINGI22 121 LB

I! -LESS DPS AV (PHASING) 193 LB

-LESS EECOM 55.5 LB

-LESS LM RCS ATTITUDE PROP. 55.0 LB

-LESS LM RCS AV (ULLAGE) 5LB

I LM AT INSERTIONI21 809 LB

DESCENT STAGE I._ I - -LESS APS AV PROP. 188LB

DROPPED - -LESSEECOM 22.5 LB
11570 LB -LESS LM RCS ATTITUDE 23.0 LB

I ASCENT STAGE AT CSI 1(2 CREW) i0 106 LB

- -LESS LM RCS AV PROPELLANT 43 LB

- -LESS EECOM 6 LB

- - -LESS RCS ii LB

- - -LESS RCS AV ULLAGE 6 LB

ASCENT STAGE AT CDH I
(2 CREW) 10 040 LB I

- - -LESS APS AV

- - -LESS EECOM

- - -LESS RCS ATTITUDE

()

33 LB

i0 LB

26 LB
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TABLE I.- TRAJECTORY SIMULATION PARAMETERS - Continued

(c) Spacecraft weights for critical mission events a - Continued

ASCENT STAGE AT TPI
(2 CREW) 9 970 LB

.... LESS RCS AV PROP

----LESS MIDCOURSE CORRECTION

.... LESS BRAKING

---LESS EECOM

- --LESS RCS DOCKING

ASCENT STAGE AT DOCKING I
(2 CREW) 9 826 LB I

L

I CSM/ASCENT STAGE DOCKED37.087 LB

!

.... LESS EECOM 11 LB

.... LESS RCS ATTITUDE 42 LB

.... LESS RCS AV(ULLAGE) 4 LB

r

ASCENT STAGE AT APS BURNI
9.320 LB I

LESS APS AM 4 032 LB

ASCENT STAGE AT BURNOUT I
5 288 LB I

25 LB

6LB

31 LB

17 LB

66 LB

)

----LESS SM

RCS AV
SEP

[CSM AT ASCENT BURN127 701LB

©

10 LB
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TABLE I.- TRAJECTORY SIMULATION PARAMETERS - Concluded

(c) Spacecraft. weights for critical mission events a - Concluded

----- LESS EECOM

----- LESS RCS ATTITUDE

----- LESS SPS 6 START LOSS

--- LESS RCS AV

CSMATSPS6 1

27 482 LB I

----- LESS SPS6AV

---- LESS EECOM

---- LESS SM RCS ATTITUDE

-- --LESS SPS 7 START LOSS

----LESS RCS AV (ULLAGE)

'r

CSM AT SPS 7
27 157 LB

134 LB

68 LB

14.4 LB

13 LB

169 LB

98 LB

31 LB

14.4 LB

13 LB

I CSM AT SPS26 512 LB

--- LESS SPS 7 AV PROP

--- LESS EECOM

--- LESS SM RCS

--- LESS SPS

-- - LESS SM RCS AV ULLAGE

/
_I--- LESS SPS AV
l

CSM AFTER DEORBIT I
25 871 LB I

453 LB

130 LB

28 LB

14.4 LB

19 LB

641 LB
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TABLE I.- TRAJECTORY SIMULATION PARAMETERS - Continued

(d) Performance

SPS thrust dataa:

Thrust, ib

Total burn time of 0 to 190 sec ...........

Total burn time greater than 190 sec ........

Specific impulse, sec

Total burn time of 0 to 190 sec ........... 313.0

Total burn time greater than 190 sec ........ 313.1

DPS thrust datab:

Thrust (i00 percent), ib ...............

FTP at initial engine ignition (92.5 percent), ib .

FTP total burn time greater than 370 sec

(94.5 percent) c ib
, .o.ooo.oo.o.i.oo

Specific impulse, sec

Docked DPS, average ................. 302.1

Phasing, average .................. 294.8

Insertion ...................... 293.6

APS thrust datab:

Thrust, ib ......................

Specific impulse, sec .................

SM RCS thrust datab:

Thrust, ib ...................... 405.0

Specific impulse, sec ................. 277.3

LM RCS thrust datab:

Thrust, ib ...................... 400.0

Specific impulse, sec ................. 273.0

aFrom reference 18.

bFrom reference 19.

CFTP increases linearly from 9712.5 to 9922.5 in 370 seconds.

2O 626.O

2O 885.0

i0 5OO.O

9 712.5

9 922.5

3 473.0

310.1
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TABLE II.- DETAILED TEST OBJECTIVES REQUIRING TRAJECTORY

OR SPACECRAFT ATTITUDE PLANNING a

Objective number

M20.24

MI3.11

M13.12

MII. 6

M20.28

M20.35

P20.25

P20.27

P16.4

P12.3

Pll.14

PI.23

P20.26

P20.29

P12.4

P20.33

Title

CSM active docking

Long duration APS burn

DPS burn duration effects

LM PGNCS/DAP performance and thrust

performance

IM-active docking

Extravehicular activity

LM ejection from SLA

LM evaluation rendezvous

Rendezvous radar tracking performance

AGS/CES attitude/translation control

PGNCS controlled AIDS burn

CSM autopilot stability margin

LM-CSM undocking

LM Jettison

AGS AV capability using DPS

CSM single crewman rendezvous capability

aFrom reference 1.
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TABLEIII.- SEQUENCEOFEVENTSFORLAUNCHa

Event

Lift-off

Maximumdynamic pressure

S-IC inboard engine cutoff (CEC0)

Tilt arrest

S-IC thrust termination (0BEC0)
and S-IC/S-II separation

S-II stage at 90 percent thrust

Mixture ratio shift to 5.5

Jettison s-IC/S-II forward
interstage

JettisOn launch escape system

Mixture ratio shift to 4.7

S-II thrust termination and
S-II/S-IVB separation

S-IVB stage at 90 percent thrust

Jettison S-IVB ullage cases

S-IVB stage thrust termination -
parking orbit insertion-
postinsertion ullage

Time from lift-off,
min: sec

0:00.0

1:17.250

2:19.316

2:20.000

2:30.623

2:35.061

2:37.161

3:00.861

3:05.861

7:02.210

8:44.192

8:49.192

8:56.641

11:35.280

aTaken from reference 22.
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TABLE IV.- S-IVB ATTITUDE TIMELINE

(a) Nominal mission a

i.

2.

3.

4.

5.

6.

7.

8.

9-

i0.

ll.

12.

13.

14.

15.

Maneuver

Maintain conmmanded cutoff inertial attitude.

Initiate maneuver to align S-IVB SC +X-axis

along local horizontal (CSM forward, posi-

tion I down) and maintain orbital rate.

Initiate maneuver to transposition and

docking inertial attitude. -Attitude is

defined by the following gimbal angles:

Xpitc h = 4.36 °, Xyaw = 14.78 °, Xroll = 1.43 °.

Maintain attitude with respect to inertial

reference.

Spacecraft separation

LM extraction

Initiate maneuver to align the S-IVB IU

+X-axis along the local horizontal (IU

forward, position I down) and maintain

orbital rate. This maneuver will be

programmed with the inhibit on.

Inhibit will be removed by ground command

after LM extraction is confirmed.

Initiate TB 6. Maintain local horizontal

attitude.

Freeze S-IVB attitude inertially.

Maintain commanded cutoff inertial attitude.

Initiate maneuver to align the S-IVB IU

+X-axis along the local horizontal (IU

forward, position I down) and maintain

orbital rate.

Initiate TB 8. Maintain local horizontal

attitude.

Freeze S-IVB attitude inertially.

Maintain commanded cutoff inertial attitude.

initiate maneuver to align the S-IVB IU

+X-axis along the local horizontal. (IU

forward, position I down).

Initiate propellant dump sequence. Main-

tain local horizontal attitude.

Time b , c

g.e.t.,
see

hr:min:sec

TB5 + 0 00:11:06

TB5 + 20 00:I1:26

TB 5 + 8574

TB 5 + 8934 02:40:00

TB 5 + 14 334 04:10:00

TB> + 15 240 04:25:00

TB 6 + 0

TB 6 + 580.3

TBT+O

TB7 + 20

TB 8 + 0

TB 8 + 260.3

TBg+o

TB_ + 20

TB9 + 90

04:36:11

04:45:51

04:46:51

04:47:11

05:58:25

06:06:05

06:10:04

06:10:24

06:11:32

aTaken from reference 21.

bTB indicates time from initiation of the time base specified.

CAll times underlined will be programmed in the appropriate time base.
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TABLE IV.- S-IVB ATTITUDE TIMELINE - Concluded

(b) No second S-IVB burn a

Maneuver ....

i. Maintain commanded cutoff inertial attitude

2.

3.

5.

6.

7.

8.

9.

lO.

ll.

Initiate maneuver to align S-IVB SC +X-axis

along local horizontal (CSM forward, posi-

tion I down) and maintain orbital rate.

Initiate maneuver to transposition and

docking inertial attitude. Attitude is

defined by the following gimbal angles_

Xpitc h = h.36 o, Xyaw = i_.78 °,

Xroll = 1.43 °. Maintain attitude with

respect to inertial reference.

Spacecraft separation

LM extraction

Initiate maneuver to align the S-IVB IU

+X-axis along the local horizontal (IU

forward, position I down) and maintain

orbital rate. The maneuver will be

programmed with the inhibit on.

Inhibit will be removed by ground

command after LM extraction is confirmed,

Initiate TB 6. Maintain local horizontal

attitude.

Freeze S-IVB attitude inertially.

Maintain commanded cutoff inertial

attitude.

Initiate maneuver to align the S-IVB IU

+X-axis along the local horizontal

(IU forward, position I down) and

maintain orbital rate.

Initiate TBsA._ Maintain local horizontal

attitude.

12. Freeze S-IVB attitude inertially.

13. Maintain commanded cutoff inertial attitude.

14. Initiate maneuver to align the S-IVB IU

+X-axis along the local horizontal. (IU

forward, position I down).

15. Initiate propellant dump sequence. Maintain
local horizontal attitude.

aTaken from reference 21. .....

bTB indicates time from initiation of the time base specified.

CAll times underlined will be programmed in the appropriate time base.

dRemains in time base 5 (TB 5) if inhibit is on.

Time b , c

g.e.t.,
see _hr:min:see

ltC/

TB 5 + 857h

TB 5 + 893_

TB 5 + 14 334

TB_ + 15 240

TB 6 + 0

(d)

(d)

(d)

TB8A + 0

TB8A + 580.3

00:11:06

00:11:26

02:3h:00

02:40:00

04:I0:00

0h:25:00

04:36:11

06:09:06

06:18:h6

06:23:54

06:24:14

06:25:2h
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136

TABLE Vlll.- SPS DEORBIT MANEUVERS TO THE ENTRY INTERFACE

(a) Conditions at deorbit (ullage initiation)

Earth-fixed position

Longitude, deg W ...............

Geodetic latitude, deg ............

Altitude, n. mi ................

Time at ullage ignition, days:hr:min:sec ....

Inertial velocity vector

Velocity, fps .................

Flight-path angle, deg ............

Azimuth angle, deg ..............

165.56

2.88

187.95

9:22:11:34

25 116.88

-.51

57.20

(b) Conditions at reentry (400 000 ft)

Earth-fixed position

Coast-time, sec ................

Longitude, deg W ...............

Geodetic latitude, deg N ...........

Inertial velocity vector

Velocity, fps .................

Flight-path angle, deg ............

Azimuth angle, deg ..............

Target latitude, deg N (open loop) ......

Target longitude, deg W (open loop) ......

1 117.00

-94.83

32.64

25 844.96

-1.59
84.60

30.10

59.87
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TABLEIX.- SMRCSDEORBITMANEUVERSTOTHEENTRYINTERFACE

(a) Conditions at deorbit a

Earth-fixed position

Longitude, deg E ..............
Geodetic latitude, deg ...........
Altitude, n. mi ...............

a
Time, days:hr:min:sec g.e.t .........

Inertial velocity vector

Velocity, fps ..................

Flight-path angle, deg ...........

Azimuth angle, deg .............

124.41

-25.20

196.49

9:23:26:25.5

24 064.79

.27

67.98

(b) Conditions at reentry (400 000 ft)

Earth-fixed position

Coast-time, sec ...............

Longitude, deg W ..............

Geodetic latitude, deg N ..........

Inertial velocity vector

Velocity, fps ................

Flight-path angle, deg ...........

Azimuth angle, deg ...........

Target latitude, deg N (open loop) .....

Target longitude, deg W (open loop) .....

1 999.00

102.59

32.90

25 902.06

-i.00

93.27

22.21

60.03

aAt burn initiation.
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